Blood-based screening and light based imaging for the early detection and monitoring of ovarian cancer xenografts.
We report a novel technology for in vivo early detection, identification, and monitoring of ovarian cancer in live mice leading to better treatment outcome. A genetic dualistic reporter system that uses an adenoviral (Ad) vector to transfer the genetic reporters to the ovarian cancer is described. Infection of the cancer cells leads to expression of one reporter that is detected in blood, namely, secreted human placental alkaline phosphatase (SEAP). A second reporter, namely, enhanced green fluorescent protein (GFP) is also delivered by the Ad, leading to expression at the site of ovarian cancer. The SEAP gene under control of the cytomegalovirus (CMV) promoter element is linked to the GFP gene with an IRES element. A diagnostic adenoviral vector (Ad) encoding the SEAP and GFP (Ad5-SEAP-GFP) is produced. Efficacy of newly developed diagnostic vector is tested in cell culture and animal models. SKOV3ip.1 cells are infected with Ad5-SEAP-GFP. Over time the cells are monitored for fluorescence and SEAP is also measured in the growth media supernatant. For animal experiments, SKOV3ip.1 cells are implanted first in nude mice either subcutaneously (SC) or intraperitoneally (IP) separately. After 4-7 days, the Ad5-SEAP-GFP is administered. Control mice do not receive any Ad vector. All mice are imaged with a fluorescent stereomicroscope after 24 h, and blood is collected for SEAP analyses. Increasing green fluorescence is detected in all SKOV3ip.1 cells infected with Ad5-SEAP-GFP, while SEAP levels in growth media increase over monitoring period. Expression of GFP in both SC and IP tumors is detected by 24 h in the live mice. At this time, the SEAP blood levels are more than 2-3 fold greater than blood levels of control group. GFP fluorescence and SEAP levels continue to increase in all mice that are injected with Ad5-SEAP-GFP until termination. Control mice (both SC and IP) do not express GFP or SEAP throughout the experiment. GFP contrast is necessary to differentiate between micro-sized early stage non-palpable ovarian tumor nodules and surrounding normal tissue. While the studies are conducted in mice, it is envisioned that the dual-based approach will eventually be translated into human applications for routine diagnosis and monitoring of ovarian cancer when an ovarian cancer specific promoter will be available. Due to the thickness of the abdominal wall in human laparoscopy or laparotomy will be necessary. This system will provide gynecologic oncologists with a more effective tool for treating patients. The blood-based screening assay provides a quick test to determine the presence of the ovarian cancer at its earliest stage. The location of the ovarian cancer is afforded by the light-based imaging component, which represents a new and improving technology with tremendous advantages of sensitivity and spatial resolution to localize micro-sized tumor nodules. The novelty of the dualistic system is the linkage of blood-based reporter screening as a selection criteria for subsequent light-based imaging procedures. This combination will lead to an accurate and widely applicable method for the early detection and monitoring of ovarian cancer, especially in high-risk women